Prior work has related sentence processing to executive deficits in non-demented patients with Parkinson's disease (PD). We extended this investigation to patients with dementia with Lewy bodies (DLB) and PD dementia (PDD) by examining grammatical and working memory components of sentence processing in the full range of patients with Lewy body spectrum disorder (LBSD). Thirty-three patients with LBSD were given a two-alternative, forced-choice sentence-picture matching task. Sentence type, working memory, and grammatical structure were systematically manipulated in the sentences. We found that patients with PDD and DLB were significantly impaired relative to non-demented PD patients and healthy controls. The deficit in PDD/DLB was most pronounced for sentences lengthened by the strategic placement of an additional prepositional phrase and for sentences with an additional proposition due to a center-embedded clause. However, there was no effect for subject-relative versus object-relative grammatical structure. An MRI voxel-based morphometry analysis in a subset of patients showed significant gray matter thinning in the frontal lobe bilaterally, and this extended to temporal, parietal and occipital regions. A regression analysis related sentence processing difficulty in LBSD to frontal neocortex, including inferior prefrontal, premotor, and dorsolateral prefrontal regions, as well as right superior temporal cortex. These findings are consistent with the hypothesis that patients with PDD and DLB have difficulty processing sentences with increased working memory demands and that this deficit is related in part to their frontal disease.
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Introduction
Parkinson's disease (PD) is thought to be primarily a motor disorder. However, it is increasingly recognized that non-motor aspects of PD can also be compromised (Rodriguez-Oroz et al., 2009) . Among the most disabling non-motor features is cognitive impairment (Aarsland, Bronnick, Larsen, Tysnes, & Alves, 2009; Elgh et al., 2009; Foltynie, Brayne, Robbins, & Barker, 2004; Muslimovic, Post, Speelman, & Schmand, 2005) . Indeed, cognitive symptoms in patients with PD are associated with more rapid disease progression (Starkstein, Bolduc, Mayberg, Preziosi, & Robinson, 1990) , more frequent nursing home placement (Aarsland, Larsen, Tandberg, & Laake, 2000), greater caregiver burden (Aarsland, Larsen, Karlsen, Lim, & Tandberg, 1999) , reduced quality of life (Siderowf, Ravina, & Glick, 2002) , and increased mortality (Louis, Marder, Cote, Tang, & Mayeux, 1997) . Perhaps the most commonly cited cognitive deficit in PD is a limitation in executive control (Brown & Marsden, 1990; Brown, Soliveri, & Jahanshahi, 2000; Dalrymple-Alford, Kalders, Jones, & Watson, 1994; Marie et al., 1999; Price & Shin, 2009) . By comparison, language difficulties have been examined rarely in PD and related disorders (Emre et al., 2007; Tröster, 2008) . In this study, we examined aspects of sentence processing that appear to depend on executive resources such as working memory.
Cognitive impairment in PD may be subtle at onset. Over time, progressive cognitive dysfunction reaches the level of dementia (PDD) in the majority of patients. Aarsland, Andersen, Larsen, Lolk, and Kragh-Sorensen (2003) measured the eight-year prevalence of dementia in a Norwegian community sample as 78.2% (95% CI, 71.1-84.0%). This is a cumulative measure including PD patients with dementia at the baseline visit, as well as new cases of dementia among survivors at the eight-year visit (Aarsland et al., 2003) . In this population, Buter and colleagues (2008) showed that the cumulative incidence of dementia increased with age and duration of PD and, conditional on survival, increased to 80-90% by 90 years of age (Buter et al., 2008) . Hely, Reid, Adena, Halliday, and Morris (2008) demonstrated dementia in 83% of 20-year survivors in a sample of Australian patients with newly diagnosed PD (Hely et al., 2008) .
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